Introduction/Aim: There is an increasing number studies on the existence of
The aim of this paper is to show if OSA severity increases the level of markers of systemic oxidative stress and reduces antioxidant capacity, independently from BMI and nutritional status.
Methodology:
One hundred and twenty-eight patients with OSA were included in the trial. Based on the results of the sleep study-polisomnography, the examinees were divided into two groups according to apnea-hypopnea index (AHI<15 and AHI≥ 15). Nutritional status was estimated using the body mass index (BMI) and body composition. Body composition was determined by dual X-ray absorptiometry-whole-body DXA scan. Redox status of patients with OSA was determined by measuring the concentration of NO in plasma and antioxidant capacity was evaluated using the plasma level of reduced glutathione (GSH) as a marker of antioxidant capacity. Kljuĉne reĉi -opstruktivna sleep apneja, oksidativni stres, nutritivni status, telesni sastav
Introduction
Obstructive sleep apnea (OSA) is defined by recurrent episodes of breathing interruptions lasting more than 10 seconds (apnea) or reduction in airflow (hypopnea) during sleep, associated with sleep fragmentation, awakenings and decreased oxygen saturation. Since the respiratory control is considered to be imperfect, up to five respiratory events during 60 minutes of sleep are tolerated (1) .According to the mechanism of breathing interruptions, different entities of this disorder are: obstructive sleep apnea (OSA), central sleep apnea (CSA) and mixed sleep apnea (MSA).
In OSA, the airflow is interrupted, but respiratory effort continues. Apneahypopnea index (AHI -the number of apnea and hypopnea per hour of sleep) represents a standard for determining the severity of OSA. There are several ways to show the severity of desaturation during sleep as a consequence of OSA. Most commonly used is desaturation index (ODI), which represents the number of desaturations (SatO 2 reduction ≥3%) per hour of sleep, the mean oxygen saturation, minimal saturation and percentage of sleep hours with hemoglobin oxygen saturation less than 90% (Sat<90%). It is assumed that cyclical occurrence of hypoxia-reoxygenation (intermittent hypoxia) that characterizes OSA, is the most important mechanism in formation of free radicals, similar to ischemiareperfusion damages in coronary disease. It is believed that intermittent hypoxia leads to mitochondrial dysfunction, activation of enzymes that use oxygen, such as xanthine oxidase or NADPH, activation of leukocytes and endothelial cell dysfunction, which leads to synthesis of free radicals and increased inflammation (2) . Oxidative stress can lead to activation of redox-sensitive transcription factors, which regulate the synthesis of inflammatory cytokines, chemokines and adhesion molecules (3) .When considering oxidative stress in OSA, comorbidities must also be taken into account, especially obesity, as the most important source of oxidative stress independently from OSA. In a large population study, it was shown that BMI alongside with smoking and diabetes is the most important independent factor associated with systemic oxidative stress, although the contribution of accompanied OSA cannot be excluded (4) . The aim of this paper is to show if the OSA severity increases the level of markers of systemic oxidative stress and reduces antioxidant capacity, independently from nutritional status.
Methods
The study included 128 patients with OSA. Patients with concomitant diseases that are characterized by the existence of systemic inflammation were excluded, except for obesity. All examinees underwent the sleep study-polysomnography using Philips STARDUST sleep recorder. AHI, AHI in the supine position (AHI supinatio), AHI in other positions of sleep (AHI non supinatio), desaturation index (ODI), minimum saturation (minSatO 2 ), medium saturation (mean SatO 2 ), the percentage of time with saturation less than 90 % (SatO 2 <90%) were determined.
On the basis of results of the sleep study based on AHI, examinees were divided into two groups: with mild OSA (AHI≤15) and moderate and severe OSA (AHI> 15). All examinees underwent assessment of nutritional status using the body mass index (BMI= TM/TV2 (kg/m2). Body compositions were determined by dual Xray absorptiometry-whole-body DXA scan (Hologic QDR-4000). The absolute value of body fat mass in kg (FM), body fat percentage (FM%), lean body mass in kg (FFM), lean body mass index (FFMI= FFM/TV2 kg/m2) were examined. The data from the National Health and Nutrition Examination Survey (NHANES) for FM%reference values using DXA measuring were used (5) .
Determination of nitric oxide (NO): Nitric oxide (NO) decomposes rapidly to form stable metabolite nitrite/nitrate products. Nitrite (NO 2index of nitric oxide production by using Griess reagent (1). 0.1 ml 3N PCA, 0.4 ml 20 mM EDTA and 0.2 ml plasma were kept on ice for 15 min, then centrifuged for 15 min at 6000 rpm. After the supernatant was poured off, 220 μl of K 2 CO 3 was added. Nitrites were measured at 550 nm. Bidistilled water was used as a blank probe (6) .
Detemination of reduced glutathione (GSH): Plasma level of reduced glutathione (GSH) was determined according to Beutler (7) and is based on GSH oxidation via 5,5 dithiobis-6,2-nitrobenzoic acid (DTNB). Bidistilled water was used as a blank probe. Measurement was done at 420 nm .
Method of descriptive statistics was used for description of general characteristics of examinees in observed groups, as well as results obtained on the basis of the completed test. Independent t-test was used for comparison of arithmetic means of characteristics of two populations. Correlation was used to test the relationship between the parameters, and its presentation and interpretation of the significance by using the linear correlation coefficient. The influence of individual variables as independent predictors for observed parameters was examined, using multivariate regression analysis.
Results
Patients were divided into two groups according to AHI (cut off = 15). In the group with AHI<15 there were 56 (43.8%) patients (44 male), in the group with AHI≥15, there were 72 (52.2%) patients (48 male). Demographic characteristics of examinees, mean values of parameters for assessing nutritional status, body composition and the sleep study in examined groups (t test) are displayed. (Table   1) Predictors of risk for AHI≥ 15 in comparison to AHI<15 were analyzed using univariate logistic regression ( Table 2 ).
The influence of individual variables as predictors of GSH value was analyzed using univariate linear regression analysis. (Table 2) Multivariate regression analysis determined as independent predictors of GSH:
ODI, mean SatO 2 , min SatO 2 . (Table 3) The influence of individual variables as predictors of NO value was analyzed using univariate linear regression analysis. (Table 4) Multivariate regression analysis determined ODI as independent predictor of NO concentration in plasma (B= 0.038; 95%;CI 0.011-0.065). (Table 5 )
Discussion
In our study, significantly lower plasma level of GSH and significantly higher mean values of NO concentration were found in plasma in the group with AHI≥ 15 in comparison to subjects with AHI<15. As independent predictors of GSH level in plasma in OSA patients were found to be ODI, mean SatO2, min SatO2, while an independent predictor of NO concentration in plasma was ODI. We found no statistically significant difference in mean values of BMI and body composition parameters in patients with AHI<15 and AHI≥ 15. None of the markers of systemic oxidative stress in our research was significantly associated with BMI and body composition assessment parameters.
Obstructive sleep apnea (OSA) is a major health problem due to the high prevalence, association with obesity (60-90%) and there is an increasing number of evidences suggesting that OSA is an important risk factor for cardiovascular diseases. GSH is an important antioxidant that, by using free radicals, prevents cell damage. Once oxidized, it can be reduced back by glutathione reductase, using NADPH as an electron donor. The ratio of reduced/oxidized glutathione (GSH/GSSG) is often used as a parameter of cell toxicity. Makris et al.
demonstrated that the level of GSH decreases during the night for about 15% in patients with OSA, and increases averagely for about 63% in patients without OSA (8) . In a study done by Ntalapascha et al. it was shown that GSH concentrations in plasma during night (morning-night), significantly differs between patients with severe OSA and control group (AHI <5) (9) . This prospective research among the population with OSA, without significant comorbidities, provides evidence that OSA can independently be the cause of an increase in the level of systemic oxidative stress. In our study, as independent predictors of GSH in plasma were determined to be ODI, mean SatO 2 , min SatO 2 ,
while an independent predictor of NO concentration in plasma was ODI. This may indicate that the severity of desaturation during sleep, especially intermittent hypoxia (ODI) has a substantial impact on systemic oxidative stress in patients with OSA. In a study done by Simiakakis et al., in the group with AHI> 15 antioxidant capacity was notably lower than in the control group (AHI <5). (10) Minimum desaturation was the most important predictor of levels of the biological antioxidant potential (BAP). Results of this study showed that OSA may affect the oxidative stress by reducing antioxidant capacity due to nocturnal hypoxia (10) .
However, there are also studies with opposite results that did not show increased oxidative stress in OSA. In a study by Svatikova et al. in patients with OSA without other chronic diseases, there is no increase in level of markers of systemic oxidative stress (TBARS, oxidized LDL, isoprostanes) in comparison to the control group without OSA (11) .
Source of oxidative stress in overweight is similar to that in patients with OSA, so the independent role of OSA in the occurrence of systemic oxidative stress is not yet completely clear. In a large population study, it was shown that BMI, alongside with smoking and diabetes, is the most important independent factor associated with systemic oxidative stress, although the contribution of accompanied OSA cannot be excluded (4) . No statistically significant difference in mean values of BMI and body composition parameters in patients with AHI<15
and AHI≥ 15 w found in our study. None of the markers of systemic oxidative stress in our research were significantly associated with BMI and body composition assessment parameters. In the paper by Fujita et al. (12) no substantial association was found between markers of oxidative stress and parameters for OSA severity assessment. However, it has been shown that the waist/hip ratio (WHR) is an independent predictor of glutathione peroxidase concentration (GPX) and total antioxidant status (TAS) (r= -0.317) .The results of this study indicate that oxidative stress in OSA is more expressively associated with central obesity, than with intermittent hypoxia and AHI (12) .
Further studies are required to confirm whether the severity of OSA is an independent predictor of systemic oxidative stress, which can contribute significantly to cardiovascular morbidity and mortality.
Conclusion
The results of our study are in favor of that severity of OSA is significantly associated with reduced antioxidant capacity and more expressed systemic oxidative stress. The degree of desaturation during sleep significantly affects systemic oxidative stress in patients with OSA aside from nutritional status and body composition. 
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